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* ROTATING DISCONTINUITIES IN THE SOLAR WIND

by

K. G. Ivanov

Conditions for rotating discontinuities in plasma
with anisotropic pressure are studied on the basis of the
most simple closed system of hydrodynamic equations for
rarified plasma. It was ascertained that for anisotropic
rotating discontinuities, differing from isotropic ones, in-
termittent changes in the module of the magnetic field H
are possible, and tangential components of H on the
front are always colinear. Through analysis of simultaneous
Plasma and magnetic data, it was shown that I0 out of 11
"large discontinuities of velocity" observed by "Explorer-
34" in 1967 may be considered rotating discontinuities
and not of the tangential type since the specific conditions
for rotating discontinuities Hy {vt} = {Ht} v, , connecting
jumps in the tangential components of solar wind flux
velocity with the interplanetary magnetic field are satis-
fied in them. : :

—- _/
Analyses [1-3] of sounding observations on solar wind discontinuities
were conducted in proximity to a magnet through hydrodynamics with isotropic

pressure. Aside. from this, the anisotropia. of proton and eIectron temperatures

was discovered [4-6] in a number offcosmicfexperiments. In Iight of these

experiments, it iIs éIeéé that.tﬁé.strfctér5app&;a§h~to intérpretaticn of solar
" wind discdntinuity‘dbservationS'is an. approach based- on Tesults of anisotrapic’
magnetohydrodynamics. The first step im this direction was aitainmeng‘in;ﬁ7} of .
éunditions for strong anisotropic.discoﬁtinuities; Wtitten_fn a cncrdinaté»_'
system in which the'frant:gffthe discontinuity”iéistéﬁii@;éd,_iheﬁeféhnditioné

- have theufbliowing!éypearancer



{H,} =0, {ov,} =0,
{ov.2 +p, + HA8n + AH2/4n} =0,
{Ov—vt — ( —MNHH/4n } = 0, @
{Hove} = {Htvn} {pLv/H} =0, |
{wv, + vu(py + H8m) — (1 — A H,Hvlbn } =0,

where p, v, H -- density, velocity and'magnetic,field (indicés n and t
relate to normal and tangential components); 2 A (pu‘—-pl)4nLH? (Pyisy --
pressure along the field); w=1/2[3p; + pV2:+-(1,-;R)H /4n] -- energy
density; the.shaped brackets indicate that the difference in vaiues-along‘
both sides of the front is used.

In the future we will be interested in discontinuities with a non-zero
mass flux and constant,density; In normal magnetohydrodynamlcs, rotatlng
discontinuities are single discontinuities satisfying the noted limits of flux
and density [8] and they may therefbre.be arbitrarily called anisotropic

discontinuities with D1¥in = O 92%#0 and p;I'-\:“p_z'—— anisotropic rotating
discontinuities. The conditions of (1) in this case are Somewhat s/i'mplified

'
P o i e S ¢

{H } =0, Plvm ">9°U2>n : T 0 91 =0 = Ps vm = Ugp = vru . (2)

T {p_L+ H,‘/Sn + AH,Hny =0, (2a)

_ | C denve= W — - WH, B4} t‘?_- | (2b)

s _?1 ijﬁ = Hijva, . (2¢)

- dp/HY =0, ’ (28)

@vﬂip,, oL+ VH2/83) — @ = z.)ﬂ' Hv/éii}_i 'é"
Eiiminatfné A{V }  from (Zb) and (24:),, we obtaln B ‘ - _

' v ~ 8 T e A

| I'f it Is allowed that Py = pl '2, then due to ('2‘] ancf 2d) we: h'av',-é ‘

BI = H2 and H HZt’ and on the basw of (2a) Plu .pZ“ 'I'n*; sum,’ .('3-)' will

take the f_’orm e SR

low/H, —-(1—-}\.)}1/411] {H,}_b" B €



and inasmuch as ‘{H£} # 0, movement velocity about such a discontinuity along

the plasma

oy = ::H (¢ — x)/4np vz_ ©)

A discontinuity with the noted properties is taken in [7] as an example of an
anisotropic rotating discontinuity; This disconfinuity, due to '{Ht} # 0 and
thecontinuityof H allows an arbitrary jump of direction Ht -- rotation of

the field around Hn during passage through the discontinuity. In this manner
the behavior of a field at this discontinuity is the same as at an isotropic
rotating discontinuity, but veIoci%y of propagation somewhat differs (in the
isotropic case, A =0 and v; =35Hn/(4wp)1/2). In  the general

case however, if 1208 # P,, » then in accordance with (2) and (gd),

H' # H‘, Hlt # HZt and (3) describes a new type of anisotropic rotating

dlscontlnulty with essentlally different behavior of the magnetlc field. Thus,

in a general case, from (3) we have

hmpu,® — (1 — A H,E - (6)

Hp= 4ngv 2—(1-— 7»2)11 2H“’ ' -
which is to say Hét and Hit are colinear‘andAthe field does not eiperience

voluntary rotation but changes according to an absolute value and directionm,

always remaining in a plane perpendicular to the front and constituting I 2

'Ff the multipliexr before HtI n (6) is Iess than €10, the dlrectlon of'the

tangential component of the field ehanges.ByrISO.'during passage through the
discontinuity.
From (3} we have the movement Velocfty'ef?the_discontinuityxafong

the{pIasma

“ (i-—-Z.)H.,‘—-(i-LI)H | S
= H,
— [ 4nD(I{m:-l?u) 1 “i 7




which with Al = Az = A gives the case selected in [7], and with Al %‘AZ = 0

leads to the eipression for velocity of an isotropic rotating diséontinuity»[S];
This property‘of anisotropic rotating discontinuities should be cpnsidered

during interpretation of solar wind discontinuities: Usually; information on

H, v, concentrations of n and effective temperatures of protons TP are

published. It is interesting that even according to.these_dafa; some oEserved dis- =

continuities manifesf thé inherent signs of anisotroﬁic rotatiﬁg discontinuities. We

will show that 10 out of 11 (see tablej "large discontinuities in velocity"

observed on "Explorer-34" in 1967 [9] may relate to rotating discontinﬁities;

The noted discontinuities are ﬁgt shock waves according to the character of

changé in v or n or Tp’ depending on the actual case. The central changes

in velocity eliminate the possibility of their interpfetation as contact:

discontinuities. (Thé author [9] interprets these discontinuities as tangential

ones.) Besides this, it has become apparent that they'sétisfy the specific

conditions for rotating discontinuities connecting jumps in v_ with a jump.

t
in Ht.
Thus, from (2) we have {v ¥ = {II }v /Hm

where v is determined. by (7). The first measuremeht§ [4-6] show that the
degree of anisotropia of”plasma:pressure in the cosmic surroundings of Earth
%\/BL usually comprise I-2, In-the Iimit.f§rAthe_solar wind with aIﬁo;t\
‘Isotropic pressure from (7) we have vn;:~ﬁﬁfééna)1[2.f'Inasmuch.gs the . -
reviewed data does not contain information on. pressure Compéﬁéntsm we evaluate
jumPS‘iﬁ véIccity of?thef&isccntinuitiés aécar&ing to

;- V 2 — Vﬁw"” AVt (th - H{;)[V‘-mp A?t = ( (Hto - Hu)/]/lmp, o (8)

[ e S
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where the latter expression is accomplished in the form of (6) -- colineafity

for anisotropic rotating discontinuities.

of H . and H
t

tl 2

In the solar eclipse coordinates, rotation behind the front vy = vyt Avt

'according to the module is equal to
. ~
o = [(— ,005B + LA v + (1,80 B+ med vy + (i )]s, (9)
where for evaiuation, vy has been taken as directed radially from the sun,
B 4° 1is the angle of aberration of the wind; guiding cosines of magnetic

- field disturbance [2] h = H are equal to.

2.

!

= (Hyly — HlY/A, my = (Hymg — Himy)lA, ny = (Hyny — Hiny)/A, (10)
4 = [(Hz..lz - Hllx).z' + (Hymy — Hmy)? - (Hyny — H1n1)‘2]‘1./’,~_ 4
L = €0881,5C08 @12, My = COSOyp5iN @ro, 71 = sin O

/

(6, ¢ -- angles determining orien;ation of"Hi;z; in th? séfar eclipse
coordinates). )

The results of'computaéion of v, accéé&ihg to (8)-(x0) on.the.basis
of the initial data HI,Z’.ei,Z’ éi,Z’ vy, My are Qresented in the table
(§esignationlof‘ Vz*}'fiom‘which it is evi&ent'thatvtomputationsgin'IO cases
out of’l} give increases or decreases in flux velocity‘&uring passage théough
-the discontinuity in éo:fespondance~witﬁ4wgét_ﬁas>régistered'byithe élasma
detector and computed_ vz*' and observed . v, values cf'veIébity‘beﬁind the»v
fronﬁ.agree aﬁong;themselves sufficiently Ve11; Thié-agfeement oficalcuIatians
witﬂ the experiment, i.e. that velocity offtﬁe.studié&jdiscontinuities changés _
in the same way that it must,change 0n ratétiﬁg:discontinuities,lsuppbrts the
proposition that 10 out of II &iécontinuitiesuaré‘discontinuitiesvof”the
. rotatiﬁg;typew Only for the,&iscontinuity’of 29 Septemﬁer“af'ZOQO'hoursMUI
fis there a divergence be£Ween the calculations and the'experiment; which forces
this discontinuity intb,the category of tangentiai discontinuities, as was done

'in.[Q]f
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Keys,

b) -Degrees
. €) Km/sec

4) Date and time, universal time

§ :hours | M 3 minutes
,,,,c’},’,'\‘.“m\ ‘byj-.'.lt'l}f;alu.r ] oo ?3:1'7\'“. zz?f:ﬁ( w | 20 ?:qn})} » 19 f:’g M. 15333{2"“.4 20 33'55'“. 05 317':5(11’“' 01?x'§ululn. ©® t?i.jololm. u?.'.)gvlm.
I 2,3:41,5 | 4,640,3 | 2,540,3 | 1,8£0,2 | 1,421,0 | 1,4:0,4 2,0.64,0 2,0::0,4) 4,0::1,2} 3,6::0,6/ 4,3:£0,5
na, ea-? 1,540,3 412 2,061,0 | 1,940,2 | 1,040,8 | 1,9:0,2 2,04£1,0 2,040,5 2,5:0,5 3,5::0,6| 3,010
¥ 4,8+£0,5 |41,740,2 |10,8+0,5 | 7,2+0,2 | 3,8+0,4 |4,6+0,2) 5,8:0,2 5,4+0,2| 7,8::0,2) 8,6::0,5/ 9,6::0,2
II‘I;T 4!5:&0‘2 41,;&0,2 12‘;3.ﬂ:0}6' 7,2:£0,2 4,940,3 5,210,1 5,940,3 5,7+0,3{ 7,6:-0,2| 7,4+0,6/ 7,7--0,5
qu, o {54410 | 27044 | 37410 | 35145 | 104410 | 338410 | 72+5 | 320410 | 92410 | 14145 | 264210
9, rpon.” 3345 14942 13045 10743 | 33345 | 10045 | 14343 | 203415 | 841415 | 33064 | 322410
0;,.?9&:&_:1’) ‘;231:10 —37::6 12440 | —05+10 2918 62410 3645 | 15415 | 2044 |—4545 | 50440
6, rpap.” —20+4 | —3143 (49+3) | —60£5 6315 5044 |—20+3 | 476 | 5615 | 1546 |—154:5
o1, afeen” 40047 485420 | 777442 | 70048 | 481420 | 45744 | 305120 | 450425 | 60017 | 633440 | 604:L0
o, ;J./aesF‘ 33642 5908 | 869%4 81545 - | 39810 | 522414 | 504420 | 53545 | 540110 | 572:£6 | 54545
vt yA;/c@,GF\.. 300 600 - | 887 778 387 514 450 564 556 | 510 547
Agy, rpan? 2 |~ —10 —4 0 —8 | o —1 .8 i —2
Aoy rpor? | 0 2 6| o 7 o | —to | =3 | 3| 9| 0
Comrpan,® | 203 ‘151 230 | | m3 208 o4 | 02 | 23 | 207 | 1
6 ryan-m . o _54 68 476 ¢ 57 —72 8 | —43 | —s56 | 463 | —14
o', rpan? b " 10 33 226 45 95 212 189 243 19 244 42
o, — 55 —38 5 15 15 17 3 | —39 | —2 | —15 | —32



It is interesting that the time inyestigated above for leaps in Ve
and Ht’ characteristic for rotating discoﬁtinuities is sufficiently clearly
expressed qualitatively during preliminary review of the material as a depen-
dency of the difference Av = v, - vi .on ¢2 (see the table and Fig. 1, with

T on'the figure corresponding to a tangential discontinuity). If ¢, lies

in the second quadrant (h is directed from the sun), Av is greatef than zero.
When ¢2 is in the fourth quadrant (h is directed toward the sun), Av  is

less than zero. We note that for tangential discontinuities, jumps in flux
velocity andAmagnetic field are not interconnected and a probability of attaining

the indicated distribution of signs for Av accbrdingto ¢ ina randomly selected

series of 11 tangential discontinuities is equal to only approiimately.Z = 10

 fesed - |
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Fig. L | |  Fig. 2

Variatiom in the direction of flux velocity during the transfer from
vy to v, may take place in' a. rotating discontinuity, The investigated data

represents some poséibility of experimental checking of this proposition. We

7



€valuate the variations in directions Vv 1in the suppqsition that they are

caused by rdtating discontinuities (uncertainty of the knowledg¢ of the direction
of V1,2 have little effect on these evaluatiohs). The orientation of v, is
approkimately determined by the angles '

- Uy sin B + m,Av, . 7 Av,
8,, = arc sin

—v;008B3 + L,Av, 7 v, ' (11)

. @y, arctg

~

and variations in the direction of v during passage through the discontinuity

The results of computations of Ad,, and A8, are presented in the table. In
the experiment [9], the plasma detector allowed determination of only the

o

location of ¢, at one or another azimuthal sector of widths Ad = and

also the sin of the variation A¢V' according to loss of the flux in one of. -

the éeqtors and appearance in another, i.e. Possibilities for determining the
direction of v and its-variatioﬁs were eitremely limited. With the help of
such an arrangement, changeé in the total of 2 discontinuities out of 1I were
;eéisteredf ,on 6 December at 0106 hrs and 0900 hrs UT, the dlsappearance of
the flux in sector 10 and its appearance in sector 9 were observed, which

corresponds to variations. A¢V‘>»Q during passage through the discontinuity. -

The;cglculatéd values of A¢ of these &1scontlﬁu1t1es (table) were equal
to:+8‘;ﬁd +11°, i.e. coincided according t051gnw1th the observed varlatlons‘
For 4 discontinuities (30 October‘at 1955 hrs 10 November at 2205 hrs,. 17
.November at 0551 hrs, 6 December at I137 hrs) variations of A¢ Q'tafwz;‘

“1 €. were practically not- present. And flnally; for thegremaining diScontinuities,

a rather high probability existed that. sin A¢&.would not be registered by the



detector (a change in sectors would not occur),.Since -A¢V < 22.5°, »Therefore;
the ekistent data on the direction of v and its variations agrees with the
results of calculations on variations in the_directioﬁ:of v which were
éccomplishedAin the supposition that these.féfiations were caused by rotating
discontinuities. The methodology in determining sté;dards for anisotropic
rotating discontinuities is the same as for thaf determining shock waves [2].
Their orientation (corresponding cases are de51gnated by letters in the table
and F1g 2) are essentially different from the determlned [9] (¢ Qn' in
the table) in the supposition that,the rev1ewed dlscontlnultles are essentially
tangential. Out of 10 discontinuities, 5 have the mark of an anisotropic
rotating discontinqity‘-~ the module of H changes during passage through the
front by ~0.2 to 2 v, which are outfide the limits of measuring error. This
property of rotating discontinuitiés should be considered.during interpretation B
‘of solar wind discontinuities, since otherwise this problem is approached from
the position of 1sotrop1c magnetohydrodynamlcs .Wthh took place in [9];
identification of rotating discontinuities would be made essentially more
difficult. ' B
| I thank V.P. Shabanskiy, i,I. Alekseyev, L.F. Burlaga, V.B. Baranov,j
N.V. Mikerina, A.P. Krgpbtkiﬁ, Yu.M.. Nikdiaye&; P.D. Khedson, A.D. Shevnin
and A.R. Shister for'their interest in the work and~e§aIuation; and V.M. -

Treshchetkina for help with the computations. |
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